METHOD AMD APPARATUS FOR FORMING THERMOPIiASTIC RESIH FOAM 



BACKGROUND OF TNVENTTQN 

Field of invention 

The present invention relates to an apparatus and method 
for forming a thermoplastic resin foam* The apparatus 
comprises a screw cylinder and a screw provided drivably in the 
directions of plasticization and injection inside said screw 
cylinder. The method comprises the step of injecting an inert 
gas such as a carbon dioxide gas or a nitrogen gas , having at 
least in pressure a pressure equal to or greater than a 
supercritical pressure into said screw cylinder. The method 
also comprises the steps of permeating melted resin with the 
inert gas under a supercritical state inside the screw cylinder , . 
and injecting the melted resin, permeated by the inert gas, into 
a mold to provide a thermoplastic resin foam. 
Related art 

There have been suggested many appara/uses and methods 
for molding a thermoplastic resin foam, for^xample, in Japanese 
Unexamined Patent Publication Hei 8-258T)96 and No. Hei. 10- 
2 3 052 8 . The methods include the steps c/t melting thermoplastic 
resin inside the cylinder of an infection-molding machine, 
permeating the melted thermoplastic/resin with an inert gas such 
as carbon dioxide gas or nitrogen gas under a supercritical 
state, and injecting the melte^a resin, permeated by the gas. 



into the mold. The apparatus for forming a fine foam, disclosed 
in the aforementioned Japanese Unexamined Patent Publication 
Hei. 8-258096, is constructed in general as follows. That is, 
the apparatus comprises a heating cylinder/ a main screw 
5 provided inside the heating cylinder, a mixij/ig screw provided 
on the top end portion of the main screw, and/a inert . gas supply 
unit for supplying an inert gas to the mixing screw portion, 
Thus, when the main screw is rotatably drivyen to feed pelletized 
resin material toward the top end poytion of the heating 

10 cylinder, the pelletized resin material is melted and then 
further uniformly melted with the mixing screw. At this time, 
when a carbon dioxide gas is supplied /to the melted resin, the 
carbon dioxide gas permeates the /melted- resin material. 
Injecting the melted resin material permeated by the carbon 

15 dioxide gas into a mold by driving /the main screw in the axial 
direction will provide a fine foy&m. On the other hand, the 
apparatus for forming a thermoplastic resin foam, disclosed in 
Japanese Unexamined Patent Publication Hei, 10-230528, is 
constructed as follows. That Zs, the apparatus comprises two 

20 separate units such as a sucofessive plasticizing unit having 
a heating cylinder and a sctfew, and an injecting unit having 
a plunger- Thus , the two units can also provide a thermoplastic 
resin foam as follows. Tttat is, when the screw is rotatably 
driven to melt the pelO^tized resin material and a carbon 

25 dioxide gas is supplied uo the melted resin, the carbon dioxide 
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gas permeates the melted resin material. T>ie melted resin 
material permeated by the carbon dioxide ga^ is injected into 
the mold of the injecting unit having the^ plunger by driving 
the screw in the axial direction. Then Vthe plunger is driven 
to provide a thermoplastic resin foam in the same manner. 

However, for example, the critical pressure of the carbon 
dioxide gas is 7,4MPa. There is an unsolved problem of sealing 
the carbon dioxide gas inside the heating cylinder, which will 
arise when the carbon dioxide gas under a supercritical state 
with a pressure considerably higher than the aforementioned 
pressure is injected into the melted resin material inside the 
heating cylinder. Furthermore, the apparatus for forming a 
thermoplastic resin foam is complicated in structure and 
comparatively expensive. 




SUMMARY OF INVENTION 
The present invention was developed to provide a method 
for forming a thermoplastic resin foam, by which the 
aforementioned problems can be solved- More specifically, the 
object of the invention is to provide a method and an apparatus 
for forming a thermoplastic resin foam, by which foaming can 
be prevented inside the screw cylinder to provide a high-quality 
fine foam. 

To achieve the af orement^ioned object, the present 
invention provides an apparatus for forming a thermoplastic 



resin foam, which is constructed as follows. That ±s , the 
apparatus comprises a screw cylinder having a material supply 
hole arranged near a rear end portion of one end of. the screw 
cylinder, and an injection nozzle arranged on a top end portion 
5 of the other end of the screw cylinder. The Apparatus also 
comprises a screw provided in said screw cyl/inder for being 
rotatably driven in directions of plasticizat/on and injection, 
and a drive means for driving said screw in the directions of 
plasticization and injection. The appa/atus is constructed 

□ 10 such that said screw corresponds to saidr screw cylinder and is 

p J 

"J selected as a first metalization portion, a low-pressure 

^ / _ ^ 

portion, and second metalization port/ion in that order from the 
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rear- end portion to the top end pormon. A gas supply hole for 
injecting an inert gas is disposedr at a position corresponding 

15 to the low-pressure portion of saiW screw of said screw cylinder . 
The inert gas is a carbon dioxide gas or a nitrogen gas having, 
at least in pressure, a presfsure equal to or greater than a 
supercritical pressure or yOnder a supercritical state. Said 
drive means comprise an yelectric servomotor, 

2 0 The present invention provides a method for forming a 

thermoplastic resin foam comprising the step of plasticizing 
a thermoplastic resin material by rotatably driving a screw 
provided drivably in directions of plasticization and injection 
inside a screw cylinder. The method also comprises the step 

2 5 of injecting melted resin, permeated by an inert gas, into a 
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mold by driving said screw in the direction of injection after 
having injected the inert gas into said screw cylinder to allow 
the inert gas to permeate melted resin. Here, the inert gas 
is a carbon dioxide or a nitrogen gas having, at least in pressure, 
5 a pressure equal to or greater than a supercritical pressure 
or under a supercritical state. The method employs an electric 
servomotor as a drive means for driving said screw in the 
directions of plasticization and injection. After the step of 
plasticizing the thermoplastic resin material has been 
10 completed, said screw is also prevented from retreating by 
applying brake to said electric servomotor to thereby maintain 
a pressure. at a supercritical pressure or more inside said screw 
cylinder. 

The present invention provides a method for forming a 
15 thermoplastic resin foam comprising the step of plasticizing 
a thermoplastic resin material by rotatably driving a screw 
provided drivably in directions of plasticization and injection 
inside a screw cylinder. The method also comprises the step 
of injecting melted resin, permeated by an inert gas, into a 
20 mold by driving said screw in the direction of injection after 
having injected the inert gas into said screw cylinder to allow 
the inert gas to permeate melted resin. Here, the inert gas 
is a carbon dioxide or a nitrogen gas having, at least in pressure, 
a pressure equal to or greater than a supercritical pressure 
25 or under a supercritical state. The method employs an electric 
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servomotor as a drive means for driving said screw in the 
directions of plasticization and injection. Furthermore, the 
step of plasticizing the thermoplastic resin material is 
performed until immediately before the step of injecting the 
melted resin is initiated. 

The present invention provides a method for forming a 
thermoplastic resin foam comprising the step of plasticizing 
a thermoplastic resin material by rotatably driving a screw 
provided drivably in directions of plasticization and injection 
inside a screw cylinder. The method also comprises the step 
of injecting melted resin, permeated by an inert gas, into a 
mold by driving said screw in the direction of injection after 
having injected the inert gas into said screw cylinder to allow 
the inert gas to permeate melted resin. Here, the inert gas 
is a carbon dioxide or a nitrogen gas having, at least in pressure, 
a pressure equal to or greater than a supercritical pressure 
or under a supercritical state. The method employs an electric 
servomotor as a drive means for driving said screw in the 
directions of plasticization and injection. Furthermore, even 
after the step of plasticizing the thermoplastic resin material 
has been completed, said screw is driven at low speeds in the 
direction of plasticization until immediately before the step 
of injecting the melted resin is initiated. 

The present invention provides a method for forming a 
thermoplastic resin foam comprising the step of plasticizing 



a thermoplastic resin material by rotatably driving a screw 
provided drivably in directions of plasticization and injection 
inside a screw cylinder. The method also comprises the step 
of injecting melted resin, permeated by an inert gas, into a 
mold by driving said screw in the direction of injection after 
having injected the inert gas into said screw cylinder to allow 
the inert gas to permeate melted resin. Here, the inert gas 
is a carbon dioxide or a nitrogen gas having, at least in pressure, 
a pressure equal to or greater than a supercritical pressure 
or under a supercritical state. The method employs an electric 
servomotor as a drive means for driving said screw in the 
directions of plasticization and injection. Furthermore, when 
a pressure has dropped below a pre-set value inside said screw 
cylinder, said screw is driven in the direction of 
plasticization so as to stop said screw when the pressure 
becomes equal to or greater than the pre-set value. This is 
carried out to maintain the pressure at a supercritical pressure 
or more inside said screw cylinder. 

The present invention provides a method for forming a 
thermoplastic resin foam comprising the step of plasticizing 
a thermoplastic resin material by rotatably driving a screw 
provided drivably in directions of plasticization and injection 
inside a screw cylinder- The method also comprises the step 
of injecting melted resin, permeated by an inert gas, into a 
mold by driving said screw in the direction of injection after 



having injected the inert gas into said screw cylinder to allow 
the inert gas to permeate melted resin. Here, the inert gas 
is a carbon dioxide or a nitrogen gas having, at least in pressure, 
a pressure equal to or greater than a supercritical pressure 
or under a supercritical state. The method employs an electric 
servomotor as a drive means for driving said screw in the 
directions of plasticization and injection. Furthermore, when 
said screw is driven in the direction of plasticization, driving 
said screw in the opposite direction of plasticization is 
intermittently combined therewith. 

The present invention provides a method for forming a 
thermoplastic resin foam comprising the step of plasticizing 
a thermoplastic resin material by rotatably driving a screw 
provided drivably in directions of plasticization and injection 
inside a screw cylinder. The method also comprises the step 
of injecting melted resin, permeated by an inert gas, into a 
mold by driving said screw in the direction of injection after 
having injected the inert gas into said screw cylinder to allow 
the inert gas to pejrmeate melted resin. Here, the inert gas 
is a carbon dioxide or a nitrogen gas having, at least in pressure, 
a pressure equal to or greater than a supercritical pressure 
or under a supercritical state. The method employs an electric 
servomotor as a drive means for driving said screw in the 
directions of plasticization and injection. Furthermore, 
during plasticization, said screw cylinder is provided with 
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micro-vibration in the direction of injection. 

The present invention provides a inethod for forming a 




thermoplastic resin foam. The screw corresponds to said screw 
cylinder and is selected as a f irst/metalization portion, a 
low-pressure portion, and second m^talization portion in that 
order from a rear end portion to a /op end portion of said screw. 
Furthermore, an inert gas having, at least in pressure, a 
pressure equal to or greater JLhan a supercritical pressure or 
an inert gas under a supercritical state is injected into a 
position corresponding tor the low-pressure portion of said 
screw of said screw cyl/nder. 

BRIEF DESCRIPTION OF DRAWTNG.q 

Fig, 1 is a cross-sectional schematic front view 
illustrating part of an apparatus for forming a thermoplastic 
resin foam according to an embodiment of the present invention. 

Fig, 2 is an enlarged schematic front view illustrating 
part of a screw drive unit of an apparatus for forming a 
thermoplastic resin foam according to an embodiment of the- 
present invention . 

DETAILED DESCRIPTION OF PRFFKRRKn KMRODTMKNTfi 
First, an embodiment of an in-line apparatus for forming 
a thermoplastic resin foam is explained which is used for 
carrying out the present invention , Fig . 1 is a cross-sectional 



schematic front view illustrating part of the embodiment of the 
apparatus for forming a thermoplastic resin foam. As shown in 
Fig, 1, the apparatus for forming a thermoplastic resin foam 
according to the present embodiment comprises generally a screw 
cylinder 1, a screw 20, and a screw drive unit 30, Here, the 
screw 2 0 is rotatably driven into the interior of the screw 
cylinder 1 in the direction of plasticization, also being 
rotatably driven in the axial direction or the direction of 
injection. The screw drive unit 3 0 is adapted to drive the screw 
20 in the direction of plasticization and. in the direction of 
injection- 

The screw cylinder 1 has a predetermined length in the 
axial direction and is provided with a gas supply hole 2, The 
gas supply hole 2 is located approximately at the middle portion 
of the screw cylinder 1 to reach from the outside of the screw 
cylinder 1 to the inside thereof. Through the gas supply hole 
2, an inert gas is supplied which has a pressure equal to or 
greater than a supercritical gas pressure or a supercritical 
state. In addition, the gas supply hole 2 is hermetically 
connected with a gas pipe 3 , which is in communication with an 
inert gas supply unit. In this embodiment, for example, an 
inert gas such as a carbon dioxide gas or a nitrogen gas is 
injected into a melting resin material at a pressure equal to 
or greater than a supercritical gas pressure of 7.4MPa (for a 
carbon dioxide gas). For this reason, there are provided a 
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compressor, a pressure control valve, and the like inside the 
unit for supplying an inert gas. Incidentally, the 
supercritical temperature of an inert gas is reached in the 
screw cylinder 1 when plasticization is being carried out, 
5 Therefore, when an inert gas which is at room temperature or 
has been preheated with waste heat is supplied directly to the 
screw cylinder 1 , the supercritical temperature will also be 
Q reached. Thus, there is provided no additional heating unit 

on the inert gas supply unit . However, as a matter of course, 

□ 

!□ 10 such an inert gas can be supplied to the gas supply hole 2 that 
''4 is under a supercritical state in pressure and temperature. 

;L The screw drive unit 3 0 is provided at the rear end portion 

•eaJ 

of the screw cylinder 1, As shown in Fig, 2 with an enlarged 
View, the screw drive unit 3 0 comprises an electric, injection 

15 servomotor 31 and an electric plasticization servomotor 32. A 
ball screw 33 is fixed to the output shaft of the electric 
injection servomotor 31, and a ball nut 34 is threaded over the 
ball screw 33. This arrangement allows the ball nut 34 to be 
driven in the axial direction when the electric injection 

20 servomotor 31 rotatably drives the ball screw 33. 
Alternatively, driving the ball nut 34 in the axial direction 
will cause the ball screw 33 to rotate. The ball nut 34 is 
connected to a drive body 36 via a thrust bearing 35. In 
addition, the screw 20 is connected to the top end of the output 
25 shaft 36' of the drive body 36. 
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There is formed a spline on the outer circumference of 
the rotational shaft 38 of the electric plasticization 
servomotor 32, A ball spline 39 is attached by insertion to 
the rotational shaft 3 8 on which the spline is formed. This 
arrangement prevents the ball spline 39 from moving in the 
rotational direction with respect to the rotational shaft 3 8 
but allows it to freely move in the axial direction. The outer 
circumference of the ball spline 3 9 is toothed to mate with a 
large gear 3 7 that is fixed to the outer circumference of the 
drive body 36, 

This embodiment is also provided with a controller 4 0 
comprising a control device and a timer. The electric injection 
servomotor 31 is to be controlled in a predetermined manner, 
as described later, by means of the controller 4 0 via an 
injection electric-servomotor control portion 41, The 
electric plasticization servomotor 32 is also controlled in the 
same manner via a plasticization electric-servomotor control 
portion 42, A setting device installed in the controller 40 
is adapted to provide the following various values required for 
plasticization. For example, the values include the upper and 
lower limits of the pressure of inert gases, timing for 
supplying inert gases, timer settings for stopping the supply, 
rotation speeds of the electric servomotors 31, 32 of the screw 
drive unit 30, and back-pressures for plasticization. The 
values also include the temperature of the heaters 9, which are 



provided on the outer circumference of the screw cylinder 1 and 
an injection nozzle 5. The electric servomotors 31, 3 2 are to 
be controlled with the controller 40, for example, by feedback 
control so as to maintain the aforementioned various types of 
values to the predetermined settings . 

Referring to Fig, 1, there is shown a measurement chamber 
4 to the left of the screw cylinder 1 near the top end portion 
thereof, and the injection nozzle 5 is provided at the top end 
portion • The injection nozzle 5 is provided with a shut-off 
valve 6, On the outer circumference of the screw cylinder 1 
and the in jection nozzle 5 , a plurality of heaters 9 are provided, 
the temperature of each of which is controlled. Thus, for 
example, a temperature of 100°C or more, which is equal to or 
greater than a supercritical temperature, is maintained inside 
the screw cylinder 1, In addition, there is provided a first 
pressure gauge 15 downstream of the gas supply hole 2 of the 
screw cylinder 1, There is also provided is a second pressure 
gauge 16 in the measurement chamber 4. The pressure 
measurements provided by these pressure gauges 15, 16 are to 
be inputted to the controller 40. Incidentally, in Fig, 2, the 
electric injection servomotor 31 is adapted to rotate slightly 
in the forward and reverse directions during plasticization to 
apply fine vibration to the screw 20 in the direction of 
injection . 

In this embodiment, a controlled amount of a thermoplastic 



resin material J is to be supplied to the screw cylinder 1 . Fig. 
1 shows a supply cylinder 11 of a hopper 10 being directly 
connected to. a material supply hole 7 of the screw cylinder !• 
Controlling the rotational speed of the screw is to control the 
amount of the thermoplastic resin material J that is supplied 
from the hopper 10 to the screw cylinder 1 and thus control the 
amount of melting resin at a low pressure portion T, described 
later. 

\.The screw 2 0 moves in the ajiial direction upon 
plasticization and injection. As show/ in Fig, 1, the rear end 
portion of the screw 20 is a first stagersi and the top end portion 
thereof is a second stage S2 , coytresponding to the screw 
cylinder 1 to some extent . The first stage SI comprises a supply 
portion K and a first metalizAtion portion Ml after or 
downstream of the supply portion K. The supply portion K 
corresponds to the material supcfly hole 7 of the screw cylinder 
1 and has a comparatively deep sarew groove 21 , The screw groove 
21 changes gradually in depth from the groove of the supply 
portion K to the groove of tfte first metalization portion Ml, 
the screw groove 21 of the mrst metalization portion Ml being 
shallower in depth . The th<t;rmoplastic resin material J fed from 
the supply portion K by the/ rotation of the screw 2 0 melts , while 
being subjected to heat Provided by the heaters 9 installed on 
the screw cylinder 1 , /compression, and shearing. Thus, the 
thermoplastic resin npterial J melts completely at the first 
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metalization portion Ml. This/prevents leakage of an injected 
inert gas toward the supply pjz^tion K, That is , the melted resin 
provides for sealing, 
i jlJ^iB^— ^ '^^^ second stage S2 comprises the low-pressii/e portion 
^ 5 T located after the first stage SI and a second nfetalization 
portion M2 downstream thereof. The screw grodve 21 of the 
low-pressure portion T is deeper. This causes /a reduction in 
13 pressure of the melted resin fed from the first/stage SI to keep 



the low-pressure portion T at a low pressur^^ even when filled 

O 

!□ 10 with the melted resin. In some cases, a st/arved feed portion 
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is produced. Consequently, it is made eaasy to inject an inert 
gas to the low-pressure portion T. Ifa addition, the low- 
pressure portion T is adapted to have ar length enough to cover 
the gas supply hole 2 when the screw ySO has moved in the axial 

15 direction. The screw groove 21 of. the second metalization 
portion M2 is shallow in depth, bfeing filled with the melted 
resin. This allows the inert g/s injected to be sealed with 
the melted resin of the secon^ metalization portion M2 . 

Incidentally, in the aforementioned embodiment , the screw 

2 0 groove 21 of the low-pressure portion T of the screw 2 0 becomes 
deeper in depth to provide an increased volume between flights 
22 and 22 . It is also possible, however, to provide an increased 
volume between the flights 2 2 and 2 2 by narrowing the width of 
the flights 22 instead of making the screw groove 21 deeper. 

2 5 Moreover, it is also possible to provide an increased volume 
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between the flights 22 and 22 by widening the pitch of the flights 
22, 22. Moreover, it is obvious that the screw groove 21 can 
be made deeper in depth and the flights 22, 22 can be narrowed 
in width to widen the pitch of the flights 22, 22. 

Now, another example is explained below, ir/ which the 
aforementioned apparatus for forming a thermoplasylc resin foam 
is employed. First, the thermoplastic resin ma/erial J is put 
into the hopper 10, The completion time of pJ^sticization is 
set such as to the position of the screw 2o/with the setting 
device provided on the controller 40. It As also programmed 
to brake the electric plasticization servomotor 32 and the 
electric injection servomotor 31 when the completion time of 
plasticization is detected which has peen set. In addition, 
various values necessary for plasticization are set. These 
values include the upper and lower p^fessure limits of the inert 
gas, the pressure of the second meft:alization portion M2 , the 
pressure inside the measurement dhamber 4, the temperature of 
the heaters 9, and the rotational speed of the screw 20. Then, 
the shut-off valve 6 is closSed to drive the screw. The 
thermoplastic resin material /j is then supplied to the screw 
cylinder 1 at the pre-set ratio. The electric plasticization 
servomotor 32 is activated yto allow the rotational shaft 38 to 
rotate. This causes the large gear 3 7 to be driven via the ball 
spline 39, and thus the^ screw 2 0 is rotatably driven at a 
predetermined speed. Vpile being fed by the rotation of the 



screw 20, the thermoplastic resin material J suppl/ed from the 
hopper 10 melts by the heat applied from outsider and produced 
by the shearing and frictional effects of the dotation of the 
screw 20, as conventionally known. Thus, the thermoplastic 
resin material J is fed to the first metalijeation portion Ml, 
where it melts completely. Then, it is fed^ to the second stage 
S2 . At this time, the temperature inside the screw cylinder 
1 has reached the supercritical temperafture of the inert gas , 
for example, a temperature of 10 0°C orAnore. Accordingly, the 
thermoplastic resin material J is accumulated in the 
measurement chamber 4 at the front oy the screw cylinder 1. The 
screw 2 0 will retreat due to ther pressure of the resin in 
proportion to the amount of the resfiin accumulated. The retreat 
of the screw 20 will cause the drive body 36 and the ball nut 
34 to retreat , The ball screw 3^ will rotate against the pre-set 
torque of the electric inject/ion servomotor 31. This thereby 
provides a predetermined hAck pressure. 

When the timer of the controller 4 0 has counted to the 
pre-set time upon measurement in the foregoing, an inert gas 
is injected from the gas supply hole 2 to the low-pressure 
portion T of the second stage 52. The inert gas is a gas under 
the supercritical state such as a carbon dioxide gas or a 
nitrogen gas, or a gas at a pressure equal to or greater than 
the supercritical pressure. The melted resin in the first 
metalization portion Ml prevents the leakage of the injected 



inert gas toward the supply portion K. In addition, upon 
injection of the gas, the screw groove 21 of the lew-pressure 
portion T is made deeper and the pressure of theAielted resin 
made lower. This makes it possible to inject -bne inert gas at 
a comparatively low pressure of about a few Mpa to 2 0MPa, which 
is equal to or greater than the supercritical pressure. The 
injected inert gas is at a supercritic/al temperature, for 
example, a temperature equal to or greater than 100°C in the 
screw cylinder 1. This makes it easy for the inert gas to 
permeate the melted res in by the rotation of the screw 2 0 . Thus , 
the thermoplastic resin materi/l J is fed. to the second 
metalization portion M2 of the/second stage 52. During this 
step, the inert gas is supplied so as not to prevent the second 
metalization portion M2 / from being lowered below the 
supercritical pressure. /Here, the melted resin in the second 
metalization portion Wl prevents the forward leakage of the 
injected inert gas. /The timing for supplying and stopping the 
inert gas can alsoybe controlled with the position of the resin 
being measuredy^ 

The melted resin, which the inert gas has permeated, is 
fed to the measurement chamber 4 . As measurement proceeds , the 
screw 2 0 retreats backward by the pressure of the resin measured. 
At this time, the pressure of the measurement chamber 4 is 
measured with the second pressure gauge 16. A pressure is 
applied to the screw 2 0 in the direction of injection for 
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measurement so as not to allow the measured pressure to go below 
the supercritical pressure. Thus, the back pressure is 
required to be the supercritical pressure or greater. When the 
screw 2 0 has retreated a predetermined amount, this is detected 
5 and the measurement is completed. 

After the measurement has been completed, this is detected 
to apply the brake to the electric injection servomotor 31 . The 
i3 brake is also applied to the electric plasticization servomotor 

iB 32. This prohibits the rotation of the ball screw 33 to prevent 

□ 10 the screw 20 to retreat due to the pressure of the melted resin. 

Consequently, the melted resin in which the inert qas has been 
dispersed is prevented from being reduced in pressure to prevent 
foaming inside the screw cylinder 1. Thus, the melted resin 



• 
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^^ is allowed to foam inside a mold to provide a fine thermoplastic 

15 resm foam. Incidentally, the aforementioned effect can also 
be obtained by applying the brake to the members associated with 
the screw 2 0 instead of the electric injection servomotor 31 
to prevent the rearward movement of the screw 20. Therefore, 
application of brake to the electric injection servomotor 31 
2 0 includes the application of brake to the members associated with 
the screw 20, 

Now, the thermoplastic resin material J finds itself in 
the injection step. The electric injection servomotor 31 is 
activated to rotatably drive the ball screw 33, then the ball 
25 nut 34 being driven in the axial direction. This causes the 
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drive body 36 to be driven in the axial direction and the screw 
2 0 to be driven in the direction of injection. The shut-off 
valve 6 is opened to inject the thermoplastic resin material 
J to a mold (not shown). The inert gas is kept being supplied 
during the injection step. When the time has counted to the 
pre-set time, the injection is stopped. The mold is opened 
after the resin injected into the mold has cooled and solidified. 
Thus, a thermoplastic resin foam is provided which has an 
average cell diameter of 0 , 01 to SO^im and an average cell density 
of 10^ to 10^^ pieces/cm\ Hereinafter , molding is repeated in 
the same manner. The inert gas can also be injected only during 
plasticization , 

This embodiment also allows molding to be carried out in 
a way other than the aforementioned one by setting molding 
conditions different from the aforementioned ones to the 
controller 40, For example, it is also allowed to set all the 
conditions in the same way except that the electric 
plasticization servomotor 32 performs plasticization 
immediately before the injection step by means of the electric 
injection servomotor 31, This allows the screw 20 to retreat 
providing no time for reduction in pressure inside the screw 
cylinder 1, thereby preventing foaming inside the screw 
cylinder 1. It is also allowed to drive the screw 2 0 at low 
speed in the direction of plasticization from the end of the 
plasticization step until the injection step is initiated. 
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This obviously makes it possible to prevent a reduction in 
pressure inside the screw cylinder 1, 

Suppose that the pressure of the screw cylinder 1, 
detected with the first and second pressure gauges 15, 16, is 
inputted into the controller 40 and the detected pressure has 
reduced to the pre-set lower limit. In this case, the electric 
plasticization servomotor 32 can also be controlled to be 
activated to drive the screw 2 0 in the direction of 
plasticization and then stopped when the pre-set pressure has 
been reached. This also prevents the foaming inside the screw 
cylinder 1. In. addition, although the electric plasticization 
servomotor 32 is frequently driven in the forward direction 
along the direction of plasticization in general, a small step 
of reverse rotation may be incorporated into the forward 
rotation. That is, the screw 2 0 can be rotated in the reverse 
direction to produce dense and non-dense portions , facilitating 
permeation and dispersion of the inert gas in the melted resin. 

As described above, according to the present invention, 
the screw is selected, corresponding to the ^rew cylinder, as 
the first metalization portion, the low-p;/essure portion, and 
the second metalization portion, from th4 rear to the front end 
portion. The gas supply hole is provided at the position 
corresponding to said low-pressure /portion of the screw on the 
screw cylinder. This provides bA effect of injecting easily 
into the screw cylinder an inett gas having a pressure equal 



to or greater than the supercritical pressure oi/an inert gas 
under the supercritical state. The gas supplVhole is located 
between the first and second metalization /ortions . At this 
time, this provides accordingly such an effect that the injected 
inert gas is sealed with the melted resiiyat the first and second 
metalization portions. In addition, /drive means for driving 
the screw in the directions of pla/feticization and injection 
comprises electric servomotors. / This allows for composite 
operation of the screw during nfolding, especially during the 
plasticization step. Thus, svfch an effect unique to the present 
invention is provided that /oaming can be prevented inside the 
screw cylinder to provid^^ a high-quality thermoplastic resin 
foam. / 

In addition, aft€&r the plasticization step, the following 
inventions make it possible to prevent a reduction in pressure 
of the melted resin fi_n which the inert gas has been dispersed 
inside the screw cjpinder. Here, the inventions include the 
invention of preventing the screw from retreating by applying 
brake to the electric servomotor, and the invention of 
performing the pfl-asticization step immediately before the 
injection step. /The inventions also include the invention of 
driving the srfrew at low speed in the direction of 
plasticization iintil immediately before the injection step is 
initiated. Also included is the invention of driving the screw 
in the directi/on of measurement when the pressure has reduced 



below the pre-set value inside the screw cylinder or of s^^pping 
the screw when the pre-set pressure has been reachec/. Thus, 
such an effect unique to the aforementioned inventions can be 
obtained that the foaming is prevented inside the screw cylinder 
to provide a fine high-quality thermoplastic/ resin foam. 
Furthermore, upon driving the screw in ther direction of 
plasticization, an effect of accelerating the permeation and 
making uniform dispersion of the inert gas i/h the melted resin 
can be obtained by the following inventyion. That is , the 
invention of combining intermittently ther driving of the screw 
in the direction of plasticization with the driving of the screw 
in the reverse direction of plasticizyation, or rotating the 
screw cylinder in the backward directijon during plasticization 
provides the same effect. On the oyher hand, such an effect 
can be further obtained in addition to the aforementioned effect 
of preventing the foaming inside the screw cylinder, and 
accelerating the permeation and producing uniform dispersion 
of the inert gas in the melted res/in in the following invention. 
The additional effect provided^ by the following invention is 
that the inert gas can be easily injected into the screw cylinder 
to seal the injected inert gasr with the melted resin in the first 
and second metalization portions. The invention is limited 
among the aforementioned inventions in that an inert gas, at 
least in pressure, equal/to or greater than the supercritical 
pressure or under the s^ipercritical state is injected to the 



# m 

position corresponding to the low-pressure ^portion of said 
screw of the screw cylinder. Here^ said screw is employed which 
is selected as the first metalization portion, the low-pressure 
portion, and the second metalization A)orti(on. 
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